In this study, semen samples from 25 bulls that had passed a breeding soundness evaluation were analyzed for the presence or absence of a 31-kDa protein, known as fertility-associated antigen (FAA), on spermatozoal membranes. Eighteen bulls had FAA on sperm (FAA-positive) and seven were devoid of FAA on sperm (FAA-negative). A single ejaculate from each bull was extended and frozen with 25 to 30 × 10 6 sperm in .5-mL straws. Crossbred replacement heifers (n = 865) were estrus-synchronized and artificially inseminated either at timed AI or 12 h after they were detected in estrus. Mature cows (n = 285) were inseminated 12 h after they were detected in estrus during a 45-d AI period. Pregnancy rates (pooled) to first AI service for females (n = 764) inseminated with FAA-posi-
Introduction
At ejaculation, sperm are coated with heparin-binding proteins (HBP) secreted by the seminal vesicles, prostate, and Cowper's glands Nass et al., 1990) . Distributions of specific families of HBP on sperm corresponded to fertility potential of range bulls (Bellin et al., 1994) .
Two studies employed a monoclonal antibody and Western blots to visualize different patterns of HBP in detergent extracts of bovine sperm (Bellin et al., 1996 (Bellin et al., , 1998 . Bulls with sperm that exhibited a 31-kDa molec-795 tive sperm were 65.6% and were 49.7% for females (n = 386) inseminated with FAA-negative sperm (P < .005).
Among the estrus-synchronized replacement heifers, pregnancy rates to synchronized AI service for heifers (n = 550) inseminated with FAA-positive sperm were 62% and were 45.7% for heifers (n = 315) inseminated with FAA-negative sperm (P < .005). These data indicate that pregnancy rates to first AI service at spontaneous and synchronized estrus are higher when using semen from bulls with detectable FAA on spermatozoal membranes compared to semen from bulls devoid of FAA on membranes. Fertility-associated antigen is an important determinant for fertility potential of sperm from bulls to be used in AI breeding programs. ular weight protein (fertility-associated antigen, FAA) were 9 to 40 percentage points more fertile than herdmates producing sperm lacking the antibody epitope (Bellin et al., 1996 (Bellin et al., , 1998 .
Spermatozoal FAA has been shown to be a significant marker for fertility, even if bulls displayed similar behavioral serving capacities (Bellin et al., 1998) . Therefore, the objectives of this experiment were to determine whether FAA could be used to assess potential fertility of sperm to be used for AI and to compare productivity resulting from potential pregnancy rate differences in females conceiving to bulls with or without FAA on sperm.
Materials and Methods
Twenty-five bulls of mixed breeds were used in this study (Table 1) . Semen samples were collected by electroejaculation, and each sample passed the criteria approved by the Society for Theriogenology (Chenoweth et al., 1992) for breeding soundness, which minimized the potential effects of breed type on the data. Presence or absence of FAA in detergent extracts of fresh sperm was determined with sequential electrophoresis, elec- troelution, and Western blots as previously published (Bellin et al., 1996) . An antibody signal on a protein with a molecular weight of 31 kDa served as confirmation that FAA was present on sperm surfaces. An additional ejaculate from each bull was extended and frozen with 25 to 30 × 10 6 sperm in .5-mL straws. On a withinbull basis, inseminations were performed using semen from this single ejaculate. Table 2 shows the number of females from three herds and the bulls used within each herd. Females in Herd 1 were replacement heifers (n = 602) that were estrus-synchronized with melengestrol acetate (.5 mgؒheifer . Heifers were inseminated 12 h after they were detected in estrus using semen from one of seven bulls (FAA-positive, n = 5; FAA-negative, n = 2). Matings were determined by the herd owner. Herd 2 included replacement heifers (n = 263) that were estrus-synchronized with a 6-mg norgestomet ear implant and an injection of 5 mg of estradiol valerate and 3 mg of norgestomet (Syncro-Mate-B, Merial Ltd., Athens, GA). After 9 d, implants were removed, and all heifers were time-inseminated 48 to 54 h later. Prior to treatment for synchrony, blood samples were collected from each heifer, and serum was assayed for progesterone (P 4 ) with a RIA (Moseley et al., 1979) . Heifers in which serum P 4 was ≥ 1 ng/mL were divided equally for inseminations using semen from one of four bulls (FAA-positive, n = 2; FAA-negative, n = 2), and heifers in which serum P 4 was < 1 ng/mL were assigned alternately for inseminations with semen from either an FAA-positive or FAA-negative bull.
Herd 3 included mature, lactating (n = 173) and nonlactating (n = 112) cows that were inseminated 12 h after they were detected in estrus during a 45-d AI period. Females requiring a second AI service during this period were inseminated with semen from the same bull used at first AI service. Lactating cows were assigned by calving date and body condition score (BIF, 1996) at the start of breeding to inseminations using semen from one of six bulls (FAA-positive, n = 4; FAAnegative, n = 2). Matings for the nonlactating cows to one of eight bulls (FAA-positive, n = 7; FAA-negative, n = 1) were determined by the herd owner.
Pregnancy to AI service at synchronized estrus was determined by palpation per rectum approximately 50 d after the synchrony periods in Herds 1 and 2. In Herd 3, pregnancy to first or subsequent service was determined by palpation 58 d after the end of the 45-d AI period. Data from the three herds were pooled for chi-squared analysis to determine differences in pregnancy rate to first AI service in females inseminated to bulls with or without detectable FAA on sperm surfaces. Data from Herds 1 and 2 were pooled for chi-squared analysis to quantify the influence of FAA on pregnancy rate to synchronized AI service.
The Gregorian date of conception during the 45-d AI period was determined for each female in Herd 3. The Percentages in a column without a common superscript within all females and within synchronized females are different (P < .005).
potential effect of day of conception on productivity in females conceiving to FAA-positive and FAA-negative bulls was tested using ANOVA for samples of unequal size (SAS, 1992) to compare mean Gregorian date of conception. The actual Gregorian date of conception for each female was then used to predict calf birth date by adding 283 d (length of gestation). With an assumed birth weight of 31.8 kg and an average daily gain of .82 kg, calf weight at a single market date (225 d after the birth of the first calf) was calculated for each female that conceived in Herd 3. Productivity, measured as kilograms of calf marketed per female inseminated, in the FAA-positive and FAA-negative groups was calculated by dividing the totals for projected kilograms of calf marketed by the number of females inseminated.
Results and Discussion
This was the first trial conducted to compare pregnancy rates to first AI service using semen analyzed for FAA profiles. All studies to date compared fertility potential of bulls grouped by similar FAA status and used in multiple-sire pastures during a 60-d breeding season (Bellin et al., 1994 (Bellin et al., , 1998 . In multiple-sire pastures, pregnancy outcomes can also be affected by serving capacity of individual bulls, but, with AI, pregnancy outcomes are not confounded by serving capacity because every female in estrus is inseminated.
Pregnancy rates to first AI service ranged from 2.8 to 69.6% among females inseminated to individual bulls classed as FAA-negative and from 22.1 to 91.3% among females inseminated to individual bulls classed as FAApositive (Table 2) . Obviously, some bulls with detectable FAA on their sperm yielded pregnancy rates similar to those of their herdmates with sperm devoid of FAA.
Number pregnant to first AI service in females bred to bulls of known FAA profile is shown in Table 2 . Pregnancy rates to first AI service in the estrus-synchronized herds (Herds 1 and 2) were 62% in females (n = 550) inseminated with FAA-positive sperm and 45.7% in females (n = 315) inseminated with FAA-negative sperm (P < .005, χ 2 = 9.18, df = 1). When data were pooled for all three herds, the average pregnancy rate to first AI service was 15.9 points higher (65.6 vs 49.7%) when using semen from bulls with spermatozoal FAA (P < .005, χ 2 = 10.4, df = 1). The use of semen with FAApositive sperm will improve pregnancy rate to first AI service in synchronized and spontaneously estrual females.
Average pregnancy rates to first AI service for each of the three herds differed and were 71.7, 20.1, and 72.9% for Herds 1, 2, and 3, respectively (P < .005, χ 2 > 10.6, df = 2). Regardless of whether herds were estrussynchronized, pregnancy rates to first AI service in each herd (Table 3) were approximately eight percentage points higher for females inseminated with FAA-positive sperm. These data agree with previous studies indicating that FAA-positive bulls were nine percentage points more fertile than FAA-negative bulls (Bellin et al., 1998) . Increased pregnancy rate to first AI service has the potential to increase the proportion of females conceiving early in the breeding period, resulting in increased kilograms of calf marketed per female inseminated (Anderson et al., 1986) . In Herd 3, ANOVA revealed that the average Gregorian date of conception in females inseminated with FAA-positive sperm (142.3 d ± 9.7) and for females inseminated with FAA-negative sperm (143.4 d ± 13.2) was not different (P > .25; F = .052; df = 1, 213), suggesting that the day of conception had no impact on the kilograms of calf marketed per female inseminated. However, pregnancy rate during the 45-d AI period was 77.1% (165/214) for females inseminated with FAA-positive sperm and 70.4% (50/71) for females inseminated with FAA-negative sperm (P > .1; X 2 = 1.47; df = 1). For each group of females, division of the total projected kilograms of calf marketed by the number of females inseminated revealed that females in the FAA-positive group would generate 158.4 kg of calf per female inseminated, and females in the FAAnegative group would generate 142.5 kg of calf per female inseminated. This 15.9-kg difference (158.4 − 142.5) would result in additional income per female ranging from $20.98 ($1.32/kg) to $31.48 ($1.98/kg), favoring the FAA-positive group. Thus, exclusion of semen from bulls with FAA-negative sperm and using only FAA-positive semen in an AI program should result in increased productivity and income. Bellin et al. (1998) reported that the percentage of bulls that were FAA-negative among 44 herds ranged from zero to 50% (average, 12%; n = 2,191 bulls). Given this wide range, the chance of having FAA-negative bulls may be relatively high in some herds. Thus, screening semen samples for FAA after a breeding soundness exam for all bulls is prudent whether natural mating or AI will be employed.
Implications
The risk of low pregnancy rates in naturally mated beef herds can be reduced by using bulls that pass a breeding soundness evaluation and display acceptable serving capacity behavior. That risk can be reduced even more if the bulls have fertility-associated antigen (FAA)-positive sperm. This study with artificially inseminated beef females corroborates previous reports of higher fertility of FAA-positive bulls compared to FAA-negative bulls used in natural mating programs. Unfortunately, there is no relation of breeding soundness and serving capacity to the presence or absence of FAA, which can only be determined by additional biochemical analyses. Therefore, FAA screening of all bulls that pass a breeding soundness evaluation is recommended, and FAA-negative bulls should be eliminated regardless of whether they are to be used in natural or artificial breeding programs.
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